Erlotinib plus gemcitabine is one of the standard chemotherapies for unresectable pancreatic cancer. Pancreatic cancer has the highest frequency of KRAS gene mutations among human cancers, and some studies suggest that KRAS status might be a predictive biomarker for anti-epidermal growth factor receptor treatment. However, the reliability of this biomarker has not been confirmed. Here, we evaluated the impact of KRAS mutations in pancreatic cancer patients treated with first line gemcitabine-based chemotherapy. 23 patients treated with gemcitabine-based chemotherapy whose KRAS status could be examined from primary or metastatic lesions were enrolled. KRAS mutations were analyzed by sequencing codons 12 and 13. We retrospectively evaluated the correlation between KRAS status, and prognosis and treatment efficacy. Patient characteristics were as follows: median age 68 years, male/female=6/17, PS 0/1=9/14, TNM stage III/IV=1/22, and gemcitabine alone/erlotinib plus gemcitabine=13/10. Among the 23 patients, KRAS codon 12 was mutated in 15, one of whom also had mutation on codon 13. Median progression-free survival (PFS) and overall survival (OS) of all patients were 4.3 months (95% confidence interval (CI): 3.1 to 5.4) and 8.1 months (95% CI: 5.9 to 10.0; events in 96%), respectively. KRAS status showed no association with PFS (p=0.310), OS (p=0.934), or the efficacy of treatment with (p=0.833) or without erlotinib (p=0.478). Thus, in this study, there was no correlation between KRAS status and the efficacy of first line chemotherapy with gemcitabine with or without erlotinib. Identification of a rationale for personalized medicine in pancreatic cancer will require further exploratory prospective studies.
Introduction
Patients with pancreatic cancer have a 5-year survival rate of only 6%. Approximately 330,000 people worldwide will die of pancreatic cancer annually, a number that is projected to double by 2030 (Torre et al., 2015) .
The recommended treatment for advanced unresectable pancreatic adenocarcinoma is the FOLFIRINOX regimen or gemcitabine plus albumin-bound paclitaxel. The other option can be gemcitabine with erlotinib (GEM/erlotinib) (Ducreux et al., 2015) .
The advantage of erlotinib is that it is an oral medicine and its side effects are less than those of cytotoxic agents. Erlotinib is an epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKI), so if KRAS, which is located downstream of EGFR, has a mutation, it is reasonable to suggest that erlotinib has no effect. In fact, EGFR antibody does not have an effect on RAS mutation-type colorectal cancer. However, it is known that KRAS mutation status and the effectiveness of EGFR-TKI are not related in pancreatic cancer. Nevertheless, over 90% of pancreatic adenocarcinoma patients have KRAS mutations (Fitzgerald et al., 2015) , so if KRAS mutation status could be a prognostic factor or a predictive factor for the efficacy of GEM/erlotinib, we could select better treatment choices according to the KRAS mutation status. Since it remains unclear if KRAS mutation status is associated with the effect of erlotinib, we decided to evaluate it.
Materials and methods

Patients and Data Collections
We retrospectively studied 23 consecutive patients in a single center, Kobe City Medical Center General Hospital, with advanced unresectable pancreatic adenocarcinoma from January 2011 to December 2012. They were treated with GEM/erlotinib or GEM as first-line treatment, and we could identify if they were either KRAS mutation type or wild-type. KRAS mutation was analyzed by PCR-rSSO method. GEM/erlotinib consists of gemcitabine 1,000mg/m 2 on days 1,8,15 and erlotinib 100mg on days 1-28 monthly, and GEM consists of gemcitabine 1,000 mg/m 2 on days 1,8,15 monthly. The response evaluation criteria for this study are based on response evaluation criteria in solid tumor (RECIST) 1.1, and the side effect is based on national cancer institute -common toxicity criteria (NCI-CTC) ver. 4.0. Overall response rate (ORR) means complete response (CR) plus partial response (PR) and disease control rate (DCR) means CR plus PR plus stable disease (SD). The progression-free survival (PFS) was defined as the time from the date of the first administration of chemotherapy to the first documentation of disease progression, subsequent therapy, or death. Overall survival (OS) was determined from the date of the first administration of chemotherapy to the date of death or last confirmation of survival. Statistical data were obtained using the SPSS software package (SPSS 22.0 Inc., Chicago, IL). Statistical significance was defined as a P value of less than 0.05.
Statistics
Results
Patient Characteristics
The characteristics of the patients are listed in Table 1 . Fifteen patients (65%) had KRAS mutations and one patient had both KRAS exon2 codon12 and codon 13 mutations. 
KRAS Wild-type Ve rsus KRAS Mutation Type
Patient characteristics classified by KRAS status are listed in Table 2 . The characteristics were well-balanced between the two arms, so we can safely say that we need no adjustment. 
Using Erlotinib or not
Patient characteristics classified by erlotinib use are listed in Table 3 . The worst toxicities related to the chemotherapy are listed in Table 4 . The hematological side effects did not differ significantly between the two arms of KRAS mutation and KRAS wild-type.
Side Effects
Clinical Outcomes
The response rates are summarized in Table 5 .
The median PFS of all patients was 4.3 months and the median OS was 8.1 months. With regard to KRAS status, the median PFS of KRAS wild-type patients was 3.6 months, and that of KRAS mutation type patients was 3.9 months (p=0.310). The median OS of KRAS wild-type patients was 6.0 months, and that of KRAS mutation type patients was 8.6 months (p=0.934). The median PFS of those treated with erlotinib was 3.6 months, and that of those treated without erlotinib was 5.1 months (p=0.360). The median OS of those treated with erlotinib was 8.6 months, and that of those treated without erlotinib was 7.1 months (p=0.833). Regarding the patients treated without erlotinib, the PFS of KRAS wild-type and mutation type patients were 2.0 months and 6.0 months, respectively (p=0.566), and the OS of KRAS wild-type and mutation type patients were 7.0 months and 8.1 months, respectively (p=0.478). Regarding the patients treated with erlotinib, the PFS of KRAS wild-type and mutation type patients were 3.6 months and 4.3 months, respectively (p=0.774), and the OS of KRAS wild-type and mutation type patients were 6.0 months and 9.8 months, respectively (p=0.084). 
Discussion
It is well known that gemcitabine plus albumin-bound paclitaxel, the standard treatment for advanced unresectable pancreatic adenocarcinoma, has a side effect such as numbness, which has a large influence on patients' quality of life. If we could learn whether erlotinib were likely to produce a better outcome for a patient only by searching the KRAS mutation status, it would be to the patient's benefit. Therefore, it would be an advantage if a predictive factor for the effect of erlotinib-combined chemotherapy could be established. According to the NCCN Guidelines Version 1. 2017, GEM/erlotinib is recommended for locally advanced or unresectable pancreatic cancer in patients with good performance status, although only a small subset of patients benefit. Also, erlotinib is used for non-small-cell lung cancer with EGFR mutation, and pre-clinical evidence suggested that EGFR intron 1 polymorphism might mediate the erlotinib response (Tzeng et al., 2007) , so we can possibly find that pancreatic cancer patients with EGFR mutation also have a good response by using erlotinib.
In this study, we did not find a relationship between KRAS mutation status and the effectiveness of erlotinib. One reason might be that pancreatic cancer patients have many mutations (Jones et al., 2008) , and a KRAS mutation may not be the only carcinogenic signal, so an EGFR-TKI is actually not effective. Moreover, a prospective, randomized, double-blind, multicenter phase II trial on the effectiveness of vandetanib in locally advanced or metastatic pancreatic carcinoma was published in March, 2017 (Middleton et al., 2017) . This trial suggests that the addition of vandetanib to gemcitabine monotherapy does not improve the OS in advanced pancreatic cancer. Vandetanib is a tyrosine kinase inhibitor of vascular endothelial growth factor receptor 2, RET, and EGFR, so this result suggests that it may be difficult for erlotinib, which only inhibits EGFR, to show a significant improvement. Although EGFR-TKI and EGFR antibody both inhibit EGFR signaling, their mechanisms differ. EGFR antibodies bind to the extracellular domain of the EGFR and inhibit binding of other growth factor ligands. Another important mechanism is that EGFR disappears from the cell surface in a process called antibody-receptor internalization. This completely prevents ligand-induced autophosphorylation of the EGFR. On the other hand, TKIs bind to the catalytic domain of the EGFR within the cell to block the downstream effect and, moreover, inhibition by erlotinib is reversible. Taking these differences into consideration, it is no wonder that erlotinib does not work like an EGFR antibody, which is not effective against RAS mutation-type colorectal cancer.
However, a retrospective study in Korea showed a worse outcomes of GEM/erlotinib combination chemotherapy in patients with KRAS mutations compared with patients with wild-type KRAS, which is comparable with the molecular analysis of the trial, AIO-PK0104 (Kim et al., 2011) . This trial is a randomized cross-over phase III trial, which showed that KRAS wild-type patients treated with erlotinib combined with either gemcitabine or capecitabine had an improved OS over that of KRAS mutant patients. Post hoc subgroup analysis of the AIO-PK0104 showed that a trend for a survival benefit was also observed during subsequent chemotherapy (Boeck et al., 2013) . Furthermore, Shao et al. (2014) reported the expression of KRAS mutations in vitro showing no effects on erlotinib, while resulting in a reduced sensitivity to gefitinib, another well-known inhibitor of the tyrosine kinase domain of EGFR. These results support the assumption that KRAS status is rather a prognostic than a predictive in advanced pancreatic cancer, and Hayashi et al. (2017) reported the number of major driver genes mutations in pancreatic cancer (KRAS, CDKN2, TP53 and CDKN2A) might be a promising prognostic biomarker.
Recently, refametinib, an orally available selective inhibitor of MEK1/2, has shown a promising objective response rate in KRAS wild-type patients in combination with GEM (Van Laethem et al., 2017) . This study may influence the treatment decision of KRAS wild-type patients in the future.
Other gene mutations such as BRCA2 (6-12%), PALB2 (1-3%), BRCA1, CDKN2A, STK11, PRSS1, SPINK1, MSH2, FANC-C are known to occur in pancreatic cancer patients. For example, in the laboratory, pancreatic cancer cell lines with mutations in the BRCA2 gene are sensitive to poly ADP-ribose polymerase inhibitors, resulting in the death of cancer cells (Hruban, Canto, Goggins, Schulick, & Klein, 2010) . This is now being translated to the clinic: Olaparib, which is the first poly ADP-ribose polymerase inhibitor to be approved as maintenance monotherapy for the treatment of patients with platinum-sensitive relapsed BRCA-mutated serous ovarian cancer. Similarly, if we could find an agent that leads KRAS mutated cells to death, and conduct a clinical trial, it could be a better choice for KRAS mutant patients.
Our limitations of this study are a small sample size and that it is conducted at single center retrospectively. Also, in this study, patient characteristics of KRAS mutant arm tend to be younger and tumor grade of KRAS mutant arm tends to be better, which may lead to somewhat longer PFS and OS in KRAS mutant patients.
Conclusion
In this study, there was no correlation between KRAS status and the efficacy of 1 st line chemotherapy with gemcitabine with or without erlotinib. Identification of a rationale for personalized medicine in pancreatic cancer will require further exploratory prospective studies.
